Current drugs are inadequate for the treatment of visceral leishmaniasis an immunosuppressive ailment caused by Leishmania donovani. Regrettably, there is no plant-origin antileishmanial drug present. P2X 7 R is constitutively present on macrophage surfaces and can be a putative therapeutic target in intra-macrophage pathogens with function attributes towards inflammation, host cell apoptosis, altered redox and phagolysosomal maturation by activating p 38 MAPK. Here we demonstrated that the initial interaction of Spergulin-A, a triterpenoid saponin with macrophages was mediated through P2X 7 R involving the signaling cascade intermediates Ca ++ , P 38 MAPK, and NF-κβ. P 38 MAPK involvement shown to have specific and stern importance in leishmanial killing with increased NF-κBp65. Phago-lysosomal maturation by Spergulin-A also campaigns for another contribution of P2X 7 R. In vivo evaluation of the anti-leishmanial activity of Spergulin-A was monitored through P2X 7 R, P 38 MAPK, and NF-κβ in murine spleen and bone-marrow macrophages and advocated Spergulin-A of being a natural compound of leishmanicidal functions which acted through the P2X 7 R-P 38 MAPK axis.
water-insoluble saponin (Delmas et al., 2000; Maes et al., 2004) acted as potent leishmanicidal agents.
P2X 7 R (a purinergic receptor) is constitutively present on macrophage surfaces with function attributes towards inflammation, apoptosis and intracellular pathogen control (Miller et al., 2011) . Modulation of macrophage biology in respect to P2X 7 R expression alteration is monitored in Leishmania amazonensis (Aga et al., 2002) and other intracellular pathogens like Toxoplasma (Lees et al., 2010) , Brucella (Eskra et al., 2003) Cryptosporidium (Liu et al., 2008) and Microsporidia (del Aguila et al., 2006) . P2X 7 R over-expression can be a putative chemotherapeutic strategy in intra-macrophage pathogens. P2X 7 R expression is positively correlated with inflammation, host cell apoptosis, generation of ROS and NO as well as phagolysosomal maturation (Miller et al., 2011) ; all are different strategies for intramacrophage pathogen killing and absence or underexpression of the P2X 7 R have been found with underachieved intracellular pathogen control (Miller et al., 2011) . Existing literature suggests that activation of P2X 7 R can trigger mitogen-activated protein kinases (MAPKs), including P 38 MAPKs (Chen et al., 2013) .
Activation of p 38 MAPK in respect to the P2X 7 R over-expression leads to the generation of ROS and NO through NADPH oxidase is also mentioned in the literature (Pfeiffer et al., 2007; Gavala et al., 2008) and embrace consequence in intra-MФ pathogen control strategies which also comprises leishmanial parasites. Regulation of iNOS expression in macrophages is managed by MAPK signaling molecules with closely associated with NFκ B activation (Lee et al., 2016) . It was reported that P 38 MAPK can phosphorylate Rab5 an important step in the endosome maturation process and critical in intracellular leishmanial killing (Cavalli et al., 2001 ) and our previous finding denoted that P 38 MAPK phosphorylation was decisively responsible for maturation of phagolysosomal complexes and subsequent leishmanicidal activity (Banerjee et al., 2016) . Importance of MAPKs in establishment and maintenance of their infection also favoured by the fact that viscerotropic L. donovani parasites alleviate MAPK phosphorylation and thus cut of the MAPK signaling cascades towards possible leishmanicidal outcome in naive murine bone marrow-derived macrophages (Prive and Descoteaux, 2000) with NF-kB being the prime transcription factor in NO production (Jeong et al., 2002) with evidence that P 38 MAPK activation is crucial in L. donovani infection abolition (Junghae and Raynes, 2002) . Phagosome-lysosome fusion is also an important innate-effector immune response of host macrophages the process of which is maintained by sequential acquisition and removal of different proteins of hydrolases and peptidases in nature and aided in degrading intracellular pathogens which includes leishmanial parasites (Gutierrez, 2013) .
The phagolysosome fusion is also critically acquainted by enhanced P2X 7 R expression and managed through bivalent calcium ion efflux and RhoA-Phospholipase D controlled pathway (Miller et al., 2011) .
Screening compounds toward purinergic receptor modifications have identified structurally diversified compounds over two thousand and almost one-third of them are being natural products having an affinity towards these receptors. As for example teniposide, a semisynthetic podophyllotoxin derivative can inhibit P2X 7 R, whereas, agelasine and garcinolic acid (Fischer et al., 2014) , potentially activate the same. In recent years efforts are made towards the identification of compounds that can modulate P2X receptors aiming towards novel chemotherapeutic measurements towards diseases associated with inflammation (Bartlett et al., 2014; Stokes et al., 2017) . Extracts of the traditional Chinese medicinal plant, Panax ginseng can also activate P2X 7 (Helliwell et al., 2015) which further identified ginsenosides, triterpenoid saponins found in the root extract of plants for P2X 7 R activation properties (Orioli et al., 2017) . Conversely, the R. longifolia extract and fractions found to have an inhibitory effect on the P2X 7 R leading to their anti-inflammatory function .
Additionally, there are ample reports of triterpenoid saponins interacting with different groups of MAPKs including P 38 MAPK in conferring their cytotoxic or protective roles (Podolak et al., 2010) .
To explore the molecular insights in depicting the intracellular leishmanicidal function of the triterpenoid saponin Spergulin-A, we have emphasized on the involvement of P2X 7 R and downstream pathways involved. We checked the in silico binding affinity of Spergulin-A with P2X 7 R. P2X 7 R blockage having a hindrance towards the reduction of Spergulin-A mediated leishmanial killing strongly advocates for its association and significance.
Involvement of P 38 MAPK shown to have specific and stern importance in leishmanial killing as with increased NF-κBp65 mediated ROS and NO production reciprocal with parasite reduction and this phenomenon also secondarily established by simultaneous expression analysis of P 38 MAPK and Gp91-phox, NADPH oxidase family member. Phago-lysosomal maturation promotion in mediating intracellular leishmanial killing by Spergulin-A also campaigns for another contribution of P2X 7 R as well as multipotent effectiveness of Spergulin-A of being a natural product supposed to act like. Finally, the in vitro observation was clarified in vivo for Spergulin-A of being a natural compound of leishmanicidal functions and acted through the P2X 7 R-P 38 MAPK axis.
RESULTS

Involvement of the P2X 7 receptor in mediating intracellular anti-leishmanial activity of
Spergulin-A. At the commencement of the evaluation of antileishmanial affectivity of
Spergulin-A against RAW 264.7 MΦ internalized parasites, increasing doses of Spergulin-A ( Figure. 1a) was applied for 24 h. Spergulin-A was found to be efficient against the intercellular parasites in a dose-dependent manner; however above 30µg/mL of doses, the antileishmanial activity reached a plateau. Therefore, we have selected the dose of 30µg/mL for a detailed assessment of the intracellular anti-leishmanial activity of Spergulin-A. In our previous report, we had also elaborated that this dose is also perfectly safe against the host RAW 264.7 MΦs and that Spergulin-A was not effective against the acellular promastigote or intermediate axenic amastigote forms of L. Donovani at diverse dose applied dose range (Banerjee et al., 2019) .
Use of Brilliant Blue G (BB-G) as a selective P2X 7 R antagonist (Peng et al., 2009 ) was adequate in literature against both in vivo (Wang et al., 2017) and in vitro systems (Soares-Bezerra et al., 2015) . Different IC50 values for different cell lines had been reported in the literature and also against a related mouse macrophage cell line (J774.G8) with applied dose range well within 10 μ M (Namovic et al., 2012; Soares-Bezerra et al., 2015) , however not conclusive against RAW 264.7 MΦs. We evaluated the dose range for RAW 264.7 MΦ survival in accordance with the view of the dose range application for its inhibitory purposes against P2X 7 R (Figure.1b) . The dose 10μM of BB-G was selected as P2X 7 R antagonist in this study to be applied in vitro against RAW 264.7 MΦs as about 92% of the exposed cells were alive after 24 h ( Figure. 1b) and the dose is well within the accepted P2X 7 R antagonist range in literature.
Thereafter, the contribution of P2X 7 R in intracellular L. donovani infection and Spergulin-A mediated leishmanicidal function was thoroughly examined ( Figure. This experimental evidences suggested that Spergulin-A mediated its intracellular leishmanicidal action with close assistance with P2X 7 R and subsequent signaling pathways linked with over-expression of P2X 7 R. Therefore, downstream signaling intermediates associated with P2X 7 R should be closely monitored for accessing the precise involvement of P2X 7 R in Spergulin-A mediated leishmanial killing.
Spergulin-A treatment has effects on the P2X 7 receptor-dependent intracellular Ca ++
release. It is documented that P2X 7 R activation can lead to Ca ++ influx and resulted in mycobacterial removal (Biswas et al., 2008) . This Ca ++ influx is definitely of great consequence in case of intracellular leishmanial killing as this increased Ca ++ titer is linked with phagolysosomal fusion, P 38 MAPK activation and increased release of NO and ROS along with the altered release of pro and anti-inflammatory cytokines; all of them have leishmanicidal function actively or passively. Thus it is important to monitor the Ca ++ influx during Spergulin-A treatment and also link the event with P2X 7 R activation. A set of FACS analyses with P2X 7 R and Ca ++ corresponding to Fura2M was expressed both graphically and through histograms of fluorescence index and percentage of cells expressing the P2X 7 R and Ca ++ for normal, L. donovani parasitized, different doses of Spergulin-A treated MΦs both BB-G exposed and un-exposed ( Figure. 2a-c). Mean fluorescence index equivalent of the expressions of both P2X 7 R and Ca ++ was significantly higher in Spergulin-A treated panels and that too in a dose-dependent manner compared to either normal or infected MΦs, and with the application of BB-G, both these expressions got lowered compared to the corresponding BB-G unexposed panels ( Figure.2b ). Subsequently, the percentage of P2X 7 R and Ca ++ expressing cells against the parent population also higher for the treated panels and the application of P2X 7 R agonist BB-G not only lowered the P2X 7 R expressing population but also have diminishing the effect on Ca ++ expressing cells ( Figure.2c ). These results strongly advocated the involvement and dependence between P2X 7 R expression and Ca ++ influx in Spergulin-A mediated antileishmanial function.
P 38 MAPK expression alteration affects Spergulin-A mediated anti-leishmanial activity
with P2X 7 receptor involvement. The involvement of P 38 MAPK was evaluated in L.
donovani infection headway and also the effect of Spergulin-A with the involvement of 1 0 when SB203580 was used parasitic count also decreased along with the P 38 MAPK expression ( Figure. 3a v-vii).
Co-expression analyses of P2X 7 R and P 38 MAPK were evaluated by confocal microscopy (Figure. 
NF-κBp65 expression alteration in Spergulin-A mediated leishmanicidal activity.
Likewise, the connection of NF-κB in Spergulin-A mediated infection control was also monitored ( Figure.3c ). The trend was almost alike of P 38 MAPK expression, parasitic infection down-regulated the expression altitude of NF-κB and Spergulin-A treatment was noticed to upregulate their expression when applied in the infection panel and in this case also the inhibitor (Curcumin) were noticed to down-regulate NF-κB expressions with moderate increase of the parasitic load even when co-applied with Spergulin-A ( Figure. 3c vi, vii). ROS production was downregulated with respect to L. donovani infection and got up-regulated in MФs with Spergulin-A (30 μ g/mL). In comparison to infected MФs, Spergulin-A (30 μ g/mL) exposure elevated ROS production in the infected MФs ( Figure. 4a iv, vi) which is in the alignment of the lessened parasite load in them ( Figure.4c ). However, when NAC has applied the ROS abrogation ( Figure. 4a v, vi) also leads to substantial loss of the parasiticidal activity of Spergulin-A ( Figure.4c ).
ROS and NO participate in anti-leishmanial effects of Spergulin-
Spergulin-A (30 μ g/ml) treatment was found to encourage the NO production in the infected MФs ( Figure. 4b v, vii). It was found that the NO production has a positive effect in checking the parasite load inside the MФs as NMMA application in the Spergulin-A treated infected MФs reduced the effectivity of the compound ( Figure. From the observations made against spleen MΦs the mean fluorescence index values for P2X 7 R against both the experiments showed that the treated panels showed highest P2X 7 R activation and which was found to be least for the infected panels ( Figure. Spergulin-A has been demonstrated in Figure. 7d.
In silico binding assessment of Spergulin A with P2X 7 Receptor. The possible binding mode of Spergulin A with its putative target P2X 7 was analyed by in silico methods. Molecular docking study was employed to check the binding mode of investigated compound i.e., Spergulin A toward target P2X 7 (PDB: 5U1X). The molecular docking result illustrates few hydrogen bonding interactions between the Spergulin A and P2X 7 receptor as shown in Figure. 7a. The docked conformation of Spergulin A with P2X 7 indicates that the sulfonyl function interact with Gln116, Trp167 (Figure. 7b ). The amino acid residue Arg295 is found to form another hydrogen bonding interaction with the oxygen atom of pyran nucleus (Figure. 7c) .
Moreover, it is also noticed that the non-sugar part of Spergulin A is exposed to solvent accessable surface area of the receptor.
DISCUSSION
Leishmaniasis is a poorly investigated disease mainly affecting people in countries that are developing and with challenged health practices. Leishmania living within the harsh environment of phagocytes has developed strategies for prompt physiological adaptation, escape from first-line defense systems and ability to inhibit a number of host cell functions (Freitas et al., 2016) .To endure and blossom inside macrophages Leishmania adopt various strategies to modulate its physiology and signal kinetics. The direct influence of the parasite to the macrophages linked to the suppressed generation of nitric oxide and oxidative burst and also their inhibitory biological (Olivier et al., 2005 , Van Assche et al., 2011 Indirectly, Leishmania influences the antigen presentation and T cell tasks in a way that macrophage deactivation guides towards parasite endurance mainly by amendment of host cell signaling of different kinases and phosphatases (Soulat et al., 2017) . Being the host cell for the parasite, any modulation of the macrophages also has an effect on the immune system and thus helping their survival by overall immunomodulation of the host. Our previous effort (Banerjee et al., 2019) demonstrated that G. oppositifolius and an isolated triterpenoid saponin, Spergulin-A was inconsistent of direct leishmanicidal effect of against promastigotes and axenic amastigotes however proved to be a potent intracellular antileishmanial mediator besides being an immune-modulator measured in vitro in RAW 264.7 MФs those infected with an L.
donovani virulent strain. This observation opens for the scope for precise demonstration of the pathways involved in its intracellular anti-leishmanial effect and involvement and possible activation of P2X 7 R has been considered. P2X 7 R reported being constitutively expressed on MΦ surfaces and also reported to be associated with signaling cascades of inflammation, apoptosis and subsequent intracellular pathogen control (Miller et al., 2011) . Additively, intracellular anti-leishmanial attributes of Spergulin-A demonstrating the involvement of the purinergic receptor P2X 7 also hypothesized on the reports of compounds screened towards the purinergic receptor amendments that about one-third of the structurally diversified compounds are being natural products with a proven affinity towards these purinergic receptors (Fischer et al., 2014) .
Reduction of Spergulin-A mediated intra-MΦ leishmanial count was found to be linked with P2X 7 R activation and this reduction was hindered with P2X 7 R antagonist BB-G application and thus confirmed P2X 7 R involvement and importance ( Figure. Changes in the concentration of intracellular Ca 2+ and PI3K activity are essential for proper phagosomal maturation (Nunes and Demaurex, 2010) . Ca ++ is a key second messenger and cytosolic build-up of Ca ++ can lead to synaptic transmission, macrophage activation and apoptosis(Pinton Enhanced production of ROS after P2X 7 R activation is well recognized in MΦs (Lenertz et al., 2009) , mediated by NOX2 additionally also augment mitochondrial ROS (Nakahira et al., 2011) . Leishmania parasites inside macrophages acclimatize various intimidating conditions during blood transmission, and ROS and RNS by host macrophages (Carneiro et al., 2016) . At the onset of leishmanial infection, superoxide production resulted from the oxidative burst due to phagocytosis (Almeida et al., 2012) and later NO is produced after activation of macrophages by IFN-y and TNF (Gantt et al., 2001) resulting in abolition of intracellular parasites (Bogdan et al., 2000) . The active subversion of ROS and NO production due to leishmanial infection was noticed to be minimized during Spergulin-A treatment and application of their abrogators minimized the anti-leishmanial effect of the compound (Figure. 4) and thus signifies the importance of ROS and NO in intracellular parasite removal.
Meanwhile, a molecular docking study was performed to get a primary idea about the binding interaction between Spergulin A and its putative target P2X 7 . Few hydrozen bonding interactions are observed between Spergulin A and amino acids at allosteric site binding of P2X 7 (PDB: 5U1X). The docked conformation of Spergulin A with P2X 7 indicates the nonsugar part of Spergulin A is exposed to solvent accessable surface area.
Finally, in vitro results from activity evaluation of Spergulin-A mediated intracellular anti-leishmanial effect was directed to the inference that P2X 7 R-P 38 MAPK activation is the key mediator of the said action with the downstream involvement of Ca ++ regulated ROS, NO and phagolysosomal fusion as the effecter cascade. A flow diagram of which was depicted in Figure. 7d. Additionally, in vivo evaluation in determining the effect of Spergulin-A also established the fact that P2X 7 R and P 38 MAPK expression was evidently upregulated (Figure.7a-c) and confirmed the in vitro findings. Cells were then analyzed in BD FACS LSR Fortessa.
METHODS
Measurement of P2x7 with BBG.
To determine P2X 7 level control, infected, and treated cells were washed with PBS, then fixed with 70% ethanol, after perforation with Triton-x 100 solution (0.5%) labeled with primary and respective fluorochrome conjugated antibodies.
Before treatment with Spergulin-A, cells were treated with 10µM of Brilliant Blue G (BBG) to inhibit P2X 7 in macrophage cells for 24 h of the incubation period.
Confocal Microscopy. After fixation with 70% ethanol and perforation, MΦs were stained with primary and fluorochrome conjugated secondary antibody. Then slides were mounted and nuclei were stained with DAPI in case of translocation of p-P 38 MAPK, P2X 7, and Gp91-phox.
To study the leishmanicidal activity, CFSE was used to stain L. donovani and Lysotracker was used to monitor acidic organelles in cells. Rab5 and CathepsinD were stained using primary and respective fluorochrome conjugated secondary antibodies. All specimens were observed under an Olympus Fluoview FV10i confocal microscope with a 60X objective lens. In silico analysis. Molecular docking study (Amin et al., 2017a ,b, Bhardwaj et al., 2019 was employed to check the binding mode of the investigated compound toward its putative target P2X 7 R. Chem 3D ultra 8.0.3 (Chem 3D Pro Version 8.0 And Chem Draw Ultra Version 8.0) software was used to construct the three-dimensional structure of the investigated compound.
The energy minimization of the compound was done by molecular orbital package (MOPAC) module with 100 iterations and a minimum RMS gradient of 0.10 (Amin et al., 2017b) . The preparation of the ligand structure prior to docking is performed by incorporating polar hydrogen atoms along with Gasteiger partial charges. The torsions are allowed to rotate during docking (Lv et al., 2010) .
The crystallographic structures of P2X7 (PDB: 5U1X) were used for this analysis(https://www.rcsb.org/structure/5U1X, Karasawa and Kawate, 2016) .The macromolecules were prepared by using Discovery Studio 3.0 (Discovery Studio 3.0, 2015)
Polar hydrogen atoms were added to the protein by using the AutoDock Tools (ADT) (Autodock Tools 1.5.6, 2012).The grid box was selected 5U1X centered at the corresponding ligand crystal structure by maintaining a spacing of 1 Å (Amin et al., 2017b) . Finally, the docking was performed by using the AutoDock Vina (Trott and Olson, 2010) . 
